The convective drying process of cherry and grape tomatoes for dried tomato production was studied taking into account operational and sensorial aspects. 
INTRODUCTION
Having a worldwide production of more than 170 million tons/year, tomatoes are considered as one of the most important produced vegetable crops. China, The United States, India, Turkey, and Egypt are the leading global nations in the production of tomatoes [1, 2] . The tomatoes are mainly used in the fresh state and in some processes, such as sauces, canned verities, puree, and juices. In the fresh state, the tomato is highly perishable generating wastage and losses throughout the harvesting period [3] . Thus, in order to slow the microbiological activity and biochemical reactions responsible for the degradation of this fruit, the tomato is dried and used as component of several products such as pizza and various vegetable dishes [4, 5] . Furthermore, the drying process can also provide reduction in weight, volume, costs of transportation, and storage [6] . The convective drying process is the most common process for dried tomato production. Nevertheless, the operational conditions such as air temperature, velocity, and moisture deeply affect the final quality of the product. This loss in quality is mainly due to the physicochemical changes during the process, e.g., shrinkage, migration of soluble solids, and loss of volatiles and aroma [3, 7] . Thus, several studies were conducted in order to better understand the tomato drying process, as reported by [3, 4, [7] [8] [9] . When it comes to dried tomato production, the cherry and grape tomatoes should be highlighted. They are plentiful, have good sensory characteristics, such as bright red color, sweet flavor and firm texture, and a significant nutritional value [10] [11] [12] . The drying process of the cherry tomato was studied by [8, 13, 14] and the sensory acceptance of this fruit was demonstrated by [11] . Just a few studies of the drying process of the grape tomato are available in the literature, highlighting only [10] who studied the sun drying and rehydration of this type of tomato. However, although these tomatoes have appreciable qualities and very similar physiochemical characteristics, the convective drying process and sensory attributes of the grape tomato are not described in the literature. As a result, it is difficult to choose which one of them is the most appropriate type for dried tomato production, considering operational and sensorial aspects. Thus, considering the qualities of cherry and grape tomatoes for dried tomato production, besides the absence of studies comparing both type of tomatoes taking in account operational and sensorial aspects. The aim of the present paper was to research the convective drying process of cherry and grape tomato for dried tomato production. In order to achieve this purpose, the tomatoes were physicochemical characterized and dried at three air temperatures in a drying chamber. Thus, it was possible to the determinate the physicochemical characteristics, drying kinetics, thickness shrinkage, effective moisture diffusivity and activation energy. The effects of tomato type, air temperature and final moisture on the final quality of the dried tomatoes were sensory evaluated utilizing a factorial experiment.
MATERIALS AND METHODS

Raw Materials
Fresh cherry (Lycopersicon esculentum var. cerasiforme) and grape (Lycopersicon esculentum Mill.) tomatoes were purchased from a standardized source in a local market in Patos de Minas, Minas Gerais, Brazil. In order to select the tomatoes, some criteria were evaluated, such as healthy fruits, reddish color, uniformity, cleaning and absence of mechanical and physiological damages. Thus, 2 kg of tomatoes were cleaned with deionized water (CS1800, Permution ® ) and sanitized with a 0.5% chlorine solution during 30 min. Then, the tomatoes were physicochemical characterized, perpendicularly cut at the main axis (A), and gravitationally drained during 15 min. All these procedures were done in such a way that the seeds were not lost.
Physicochemical Characterization
The initial moisture content was estimated by an Infrared Moisture Analyzer (IV 2500, Gehaka ® ), with an auto dry rate of 1%.min -1 and temperature of 105 °C. In the interest of determining the particle size distribution, a granulometry analysis was done in each one of the tomatoes by the measurement of the three main axes, as shown in Figure 1 . They also went through a weighting process. The measurements were done by employing a digital caliper (316.119, MTX ® ) and the weightings were done by a digital scale (BG-440, Gehaka ® ). The volume ( ) (cm 3 ) of the tomatoes were calculated by Equation (1), the sphericity ( ) by Equation (2), the mean particle diameter ( ̅ ) (cm) by Equation (3), the Sauter mean diameter ( ̅ ) (cm) by Equation (4) , and the specific surface area ( ̅ ) (cm 2 .g -1 ) by Equation (5) [15, 16] . The particle surface area ( ̅ ) (cm 2 ) was estimated by Equation (6), the total surface area ( ) (cm 2 ) by Equation (7) and the total cut surface area ( ) (cm 2 ) by Equation (8).
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Where is the thickness (cm), is the width (cm), is the length (cm), Δ is the mass fraction, and the particle density (g.cm -1 ). This last parameter was calculated by its own definition.
Experimental System
The experiments were conducted in a hot air-drying chamber, Figure 
Drying Phenomena
Drying kinetics experiments
The drying kinetics study was performed in the drying chamber described above. The air temperatures ( ) were 60°C, 70°C and 80°C. The tomatoes were placed on the drying tray with the cutting surface facing up, creating a monolayer. During the drying process, the tomatoes were weighted at regular times by a digital scale (DG 15, Digimed ® ), until they reached a constant weight, representing the dynamic equilibrium condition. The dry matter was measured, after the equilibrium moisture was reached, by increasing the temperature to 105°C and keeping it until a constant weight of the tomatoes was attained. The total moisture ( ̅ ) (g H2O.g -1 dry matter) was calculated by Equation (9) , the free moisture ( ̅ ) (g H2O.g -1 dry matter) by Equation (10), the moisture content ratio ( ) by Equation (11), the drying rate ( ) (g H2O.min -1 .m -2 ) by Equation (12) , and the total time of drying (min) by Equation (13) [17] . 
Where is the weight of the wet solid (g), is the weight of the dry matter (g), * is the equilibrium moisture content (g H2O.g -1 dry matter), is the initial moisture (g H2O.g -1 dry matter) and is the dry matter (g) at the time (min).
Shrinkage experiments and mathematical modeling
In order to evaluate the deformations in the shapes of cherry and grape tomatoes, due to the removal of moisture in the drying process, the thickness shrinkage was studied. During the drying process, the thickness ( ) of the three half tomatoes was measured by employing a digital caliper (316.119, MTX ® ) at the same times of the weightings in the drying kinetics study. The three half tomatoes were located at the beginning, in the middle, and at the end of the monolayer and presented the same mean initial thickness ( ) of other tomatoes in the monolayer. The thickness shrinkage index ( ) was calculated by Equation (14) .
Several models have been postulated to elucidate the shrinkage of organic structures. Thus, four different models were selected to fit the experimental data, as described in Table 1 . 
, , , , : numerical constants. : initial weight of the wet solid (g).
Effective moisture diffusivity and activation energy
The period of decreasing drying rate is almost the only one observed in the drying process of biological materials. Thus, the main mechanism of transport throughout this period is the moisture diffusion [22] . By applying a mass balance in a volume control in the interior of the porous media (monolayer of tomatoes), it is possible to write the Fick's second law of diffusion for this system, Equation (19) .
By considering that the mass transfer is in the direction of the thickness of the monolayer (z-axis) and the effective moisture diffusivity ( ) (m 2 .s -1 ) is constant, the Equation (19) can be rewritten as Equation (20) .
Adopting the boundary conditions of uniform initial ( = 0) moisture distribution in the monolayer (Equation (21)), impermeability at = 0 (Equation (22)) and equilibrium moisture at = (Equation (23)), [23] obtained the analytic solution of Equation (20) by the variable separation method, Equation (24).
Where are the function of the eigenvalues, is the number of terms, and is the thickness of the monolayer of tomatoes (m). Inserting Equation (24) in Equation (25) and integrating it is possible to obtain Equation (26) .
The thickness shrinkage was considered by including the best model of Table 1 that describes experimental shrinkage data (Ratti model) in Equation (26) to correct the changes of at each moisture. Thus, Equation (26), with the thickness shrinkage consideration, was employed to obtain the by utilizing the first hundred terms ( = 100) of this equation. The obtained were correlated to the air temperatures by employing the Arrhenius equation, Equation (27) , to obtain the activation energy ( ) (J.mol -1 ).
Where 0 is the pre-exponential factor (m 2 .s -1 ), is the universal constant of gases (J.K -1 .mol -1 ), and the gas temperature (K).
Mass transfer considerations
In order to investigate the internal and external resistances related to the mass transfer, the Biot number of mass transfer ( ) was evaluated by Equation (28) [17].
Where ℎ , is the convective mass transfer coefficient (m.s -1 ) and ⁄ is the volume per surface ratio considering the monolayer of tomatoes as a flat plate (m) (9.09x10 -3 ±1.98x10 -3 m for cherry tomato and 9.07x10 -3 ±1.39x10 -3 m for grape tomato). The ℎ , was estimated by considering a laminar flow ( =4.16x10 3 ) utilizing Equation (29) .
The Sherwood number ( ℎ ) relates to ℎ , by Equation (30), the Reynolds number ( ) can be calculated by Equation (31), and the Schmidt number ( ) by Equation (32) [24] . The binary diffusivity of moisture in air ( ) (m 2 .s ) was estimated by Equation (33) [25] . 
Where is the flat plate length (m), is the air density (kg.m -3 ), is the free-stream velocity (m.s -1 ) and is the air dynamic viscosity (N.s.m -2 ).
Sensory Evaluation
The sensory characteristics of dried cherry and grape tomatoes in olive oil were evaluated including appearance, color, aroma, oral texture, and flavor using a 5-point hedonic scale (5=liked a lot and 1=disliked a lot). The purchase intentions (PI) were also evaluated using a 5-point hedonic scale (5=certainly would purchase and 1=certainly wouldn't purchase) [26] . The influence of the type of tomato (cherry and grape), air temperature (60°C and 80°C), and final moisture (25% and 35% w.b.) on the sensory characteristics were evaluated by a 2 3 factorial experiment. The samples were prepared by the convective drying process, previously described, until the desired moisture. Then, extra virgin olive oil (0.5% acidity) at 90°C and salt were added to the dried tomatoes in the proportions of 50 g of dried tomato/100 mL olive oil/1.5 g salt, generating eight different dried tomatoes in olive oil. The tomatoes were stored for 5 days at 10°C until the sensory evaluation. The dried tomatoes in olive oil were subjected to sensory evaluation by a sensory panel of 50 not trained consumers older than 18. The consumers were selected by a simple random sampling method without repetition. The samples were randomly and individually exposed to the consumers at different times. The ethical issues of the sensory evaluation were approved by the ethics committee of University Centre of Patos de Minas, Patos de Minas, Minas Gerais, Brazil, receiving the Certificate of Ethical Evaluation Presentation: 53641016.0.0000.5549.
Error Analysis
In order to analyze the differences between the experimental data ( ) and the data estimated by the models ( ( )) employed in this paper, an error analysis was required. The coefficient of determination (
2 ), mean square error ( ), root mean square error ( ), and chi-square ( 2 ) were calculated by Equations. (34), (35), (36) , and (37) respectively.
Statistical Analysis
The physicochemical and sensory data were checked for homoscedasticity by applying the Levene's test [27] . The physicochemical characteristics data that were homoscedastic ( ≥ 0.05) in the Levene's test were submitted to the Student-t test for independent samples. On the other hand, the physicochemical data that were not homoscedastic ( ≤ 0.05) were submitted to the Mann-Whitney test for independent samples [28, 29] . The sensory data were homoscedastic ( ≥ 0.05) for all sensory attributes and PI in the Levene's test. Thus, the sensory data were analyzed by randomized complete block design (RCBD) submitted to a two factor ANOVA with Tukey test ( ≤ 0.05). All the analyses were done in the software Statistica ® 7.1. Table 2 shows the physicochemical characteristics of fresh cherry and grape tomatoes. The initial moisture content and particle density of the cherry tomato were similar to the values obtained by [15, 30] . The mass of the cherry tomato was close to the value reported by [31] and the mean diameter and specific surface area were similar to those described by [15] . For the grape tomato, the values of volume and mass were close to those reported by [32] and [31] , respectively. Comparing both types of tomatoes it is possible to realize that they are similar in terms of particle density and not significantly different for initial moisture content and surface area of the cut. The main differences between them were found in the mass, volume, sphericity, mean diameter, Sauter mean diameter, specific surface area, particle surface area, and total surface area. The cherry tomato had characteristics of a sphere whereas the grape tomato had an ellipsoid shape with lower sphericity. The grape tomato also presented a smaller mass, shorter diameter, smaller volume, and smaller particle surface area. However, it had a larger specific surface area and a larger total surface area.
RESULTS AND DISCUSSION
Physicochemical Characteristics
Drying Phenomena
Drying kinetics and mass transfer phenomena
The drying curves and the drying rate curves can be seen in Figure 3 (A) and (B) for the cherry tomato and Figure 3 (C) and (D) for the grape tomato. The and * ranged between 1583.50-1308.55 min and 0.14-0.03 g H2O.g -1 (dry matter) for the cherry tomato and 1551.24-1227.44 min and 0.15-0.06 g H2O.g -1 (dry matter) for the grape tomato. Analyzing the drying rate curves it is possible to observe small constant-rate drying periods followed by two falling rate-drying periods. This behavior suggests the existence of low surface moisture content that was rapidly removed. Then, the drying processes occurred preferably in the falling rate-drying periods and the diffusion of the moisture throughout the structure of the material is slow enough to control the drying rate. A similar behavior was also observed by [9, 15, 33] . In order to deeply investigate the mass transfer phenomena suggested by the drying rate curves the were estimated. The values of this parameter are displayed in Table 3 for the cherry and grape tomatoes. The values of 2 , 2 , and showed the applicability of the Fick's second law with the thickness shrinkage consideration. The values of were close to those reported by [4, 8, 9, 33] . The ranged between 8.26x10 3 ±1.97x10 3 for cherry tomato and 7.37x10 3 ±1.50x10 3 for grape tomato. According to [34] , these values indicates that the internal mass resistance control the mass transfer of the drying process ( > 50), as suggested by the drying rate curves and validating the hypotheses considered in the drying kinetics modeling. In this case, [9] suggest that the water movement mechanism in the tomato's inner structure is mostly by trans-membrane transport and cell wall pathway in the first falling ratedrying period and symplastic transport way in the second period. Another interesting effect observed is the increase in the drying rates as the temperature increased, resulting in more inclined drying curves, lower and higher . This effect can be attributed to the increase of the heat transfer potential between the air and the tomato structure in high temperatures, facilitating the moisture removal [35] . The effect of the temperature on the drying kinetics is well known in the literature as reported by [4, 9, 33] . By comparing the drying kinetics of both types of tomatoes, it is possible to notice a very similar behavior. However, as showed by the drying rate curves, drying curves, and , the grape tomato had a faster drying process. Many factors can influence the faster drying of this type of tomato, but since the operational conditions were equally provided to both tomato types, the physicochemical characteristics were the main responsible. In fact, the characterization showed that the grape tomato had a higher specific surface area and a higher total surface area. The high surface area of the solid phase favors the effective contact with the gaseous phase, increasing the heat and mass transfer [36] . Furthermore, comparing the activation energy of both tomatoes in Table  4 , it is clear that the grape tomato had a lower minimum energy to make the drying process possible. Then, the own internal structure of the grape tomato, alongside with a higher surface area, can promote faster mobility of the water molecules through the material structure, easier removal of moisture, and a faster drying process. Shrinkage phenomena and modeling In Figure 4 it is possible to notice the shrinkage behavior of cherry and grape tomatoes for different moisture conditions and temperatures. As expected, the thickness shrinkage of the monolayer of tomatoes increased as the moisture decreased for both tomatoes, suggesting that the phenomenon of shrinkage is mainly ruled by moisture loss. By comparing both tomatoes it is possible to notice a similar shrinkage behavior, except for the temperature of 60°C in which the cherry tomato showed a higher shrinkage, indicating that the outer layers of this fruit were more flexible than the grape tomato ones at a lower temperature [37] . Table 5 describes the results of the applications of shrinkage models to the thickness shrinkage data of the monolayer of both cherry and grape tomatoes. The Ratti model exhibited the highest values of 2 and the low values of 2 , , and , at all temperatures for the cherry and grape tomatoes. This model was proposed by [20] as a simple third-order polynomial equation for the description of the shrinkage volume and area of potato, apple, and carrot. Nevertheless, in Figure 4 it is possible to perceive that this model is well applicable for thickness shrinkage of cherry and grape tomatoes. 
Sensory Preferences
The statistical results of the sensory evaluation are displayed in Table 6 for the different drying conditions. The treatments were statistically different ( < 0.05) and had mean scores above 2.5 for all sensory characteristics and PI. These results indicate that the operational conditions had effects on the sensory preferences and the final product was well accepted by the customers. The treatment 5 showed the best mean scores for all sensory characteristics and PI. The results displayed in Table 6 were statistically analyzed according to the factorial experiment. The effects of the factors with a significance level lower than 0.05 showed that only the type of the tomato and the air temperature had significant effect on the sensory preferences of the consumers. The type of the tomato was the most potent factor for appearance and aroma, while the air temperature showed to be the most important factor for color, oral texture, flavor, and PI. The results also indicated a trend of preference of cherry tomato and air temperature of 60°C. The preference for cherry tomato was commented by some judges due to its larger dimensions and better aroma, providing a more appetizing product. In fact, [38] demonstrated that the fresh cherry tomato releases more key volatiles responsible for the "green" aroma, such as (Z)-3-hexanal and (E)-2-hexanal, than grape tomato during chewing. Nevertheless, [39] showed that the convective drying process can modify the volatile profile of cherry tomato by the degradation of those key volatiles and generation of new compounds, by Maillard reactions and catabolism of carotenoids, which are related to the cook flavor. In addition, [38] showed that the own chewing process can modify the volatile profile of cherry and grape tomatoes. Thus, several factors are responsible for the better aroma of cherry tomato observed, and the main differences in the modifications of the volatile profiles of cherry and grape tomato, due to the convective drying and chewing processes still remain unclear in the literature.
The influence of temperature can be related to the coloring and flavor changes, once [9] showed that the decrease of the drying air temperature from 70°C to 50°C resulted in less darkening of the tomatoes and increase in the sugar/acid ratio. These improvements may produce dried tomatoes with better color and flavor, resulting in better PI. Thus, although the grape tomato and the air temperature of 80°C provided a faster drying process, considering the sensory preferences, the cherry tomato dried at 60°C until the final moisture of 35% w.b. was the most recommended for the production of dried tomatoes in olive oil.
CONCLUSIONS
The convective drying process of cherry and grape tomatoes for dried tomato production was studied taking into account operational and sensorial aspects. The physicochemical characterization showed that the fresh cherry tomato had characteristics of a sphere, while the fresh grape tomato had an ellipsoid shape. The drying kinetics demonstrated that the drying processes occurred preferably in falling rate-drying periods and the diffusion of the moisture throughout the structure of the material is slow enough to control the drying rate. The increase in the air temperature resulted in more inclined drying curves, lower total times of drying and higher effective moisture diffusions. The grape tomato showed a faster drying process, which was attributed to its higher surface area and its internal structure. The thickness shrinkage and drying curves were better described by the Ratti and Fick's model, respectively, for both types of tomato. The sensory evaluation exhibited that the cherry tomato, dried at lower air temperatures, provided better sensorial characteristics and higher purchasing intention, whereas the final moisture had no effect. Thus, although the grape tomato, dried at the air temperature of 80°C, provided a faster drying process considering the sensory preferences, the cherry tomato, dried at 60°C until the final moisture of 35% w.b., was the most recommended for the production of dried tomatoes in olive oil.
